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(54) RUBBER COMPOSITION FOR INNER LINER 



(57) The rubber composition of the present inven- 
tion is used for producing an inner liner of a pneumatic 
tire, and is obtained by compounding a rubber compo- 
nent and a layered or plate-like mineral. The layered or 
plate-like mineral has an aspect ratio of 3 or more and 
less than 30. The present invention further provides a 
production method of the rubber composition and a 
pneumatic tire which is produced by using the rubber 
composition. The present invention is applicable to a tire 
of passenger vehicles, bus or truck, and a tire of air- 



plane. According to the present invention, the air per- 
meation resistance is remarkably improved and the 
workability is also improved. Therefore, the rapture and 
hole defect of a non-vulcanized sheet during the tire 
construction can be avoided. By using the rubber com- 
position, the gauge of the inner liner of pneumatic tire 
can be reduced while maintaining the inner pressure of 
tire, thereby reducing the weight of tire. 
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Description 

Technical Field 



[0001] The present invention relates to a rubber composition for inner liner of a pneumatic tire More specifically the 
present .nvenjon relates to a rubber composition which provides an inner liner having 2 ^25^^ 



composition. 
Background Art 



E^issszsssr bu,yi mbber in — ■* ,h - » - • 



because of insufficient dispersion. 
Disclosure of Invention 



2 , J" ^ e r " b ber composition, the rubber component preferably comprises 40 to 1 00% by weight of at least one 

of Lni hk L 9r ° UP C ° nSiSting ° f bUty ' mbb6r and 3 ha '°9enated butyl rubber and 60% by light or less 
of a d ene rubber, and a we.ght-basis compounding amount A of the layered or plate-like mineral oerTofLrtl h! 
we.ght of the rubber component preferably satisfies the following Formula I P P V 



1<AXD<200 ^ 
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nST tZT'I 3 thiCkneSS (mm) ° f an inner " ner rubber 'aver- 
oratirefoTh^ 

erably comprises 60 to 100% by wejnt of a «J2T mbber r69i0n ' in Which the ^ component pref- 

complZ 6 Pr6Sent inV6nti0n Sti " fUrth6r Pr ° Vides a tic tire having an inner iiner made of the above rubber 



10 



15 



Brief Description of Drawing 
[0013] 



Fig. 1 is a schematic illustration for explaining the aspect ratio- 

P^L 2 « f ° r M * *» '^red or plate-li k e minerals contained in the inner ,iner of the 

Fig. 3 is a cross-sectional view showing a left ha, of the pneumatic tire of the present invention. 
Best Mode f or Carrying Out the Invention 



20 2 ra S 

rinated butyl rubbers, brominated buty^ubbers and Id T?^ 3 * halo 9 enated »W rubber such as ch.o- 

(trade mark, manufactured by Eniay Chemfea, Co tTtt V^ 6 ^ F ° r eXam * ,e - " En i a y Buty. HT10-66" 

- 2255" (trade mark, manufactured by S SZ^ZZSSZZT *** ^ 

rubber, usable is a chlorinated or brominated proTct of a ™ ? 7 "rommated buty. rubber. As the modified 
available as "Expro 50" (trade mark r^nMu^^L^T ' S °™ noo,efin and P-nethylstyrene, which is 
butyl rubber is, for example nature \7bblrZ^l f ^ be b ' ended witn such a halogenated 

poly(1 ,2-butadiene) (1 ,2BR)', styre^^utad^^ < BR >- syntactic 

Prising main*, a natural rubber is more preWed ^ ' S Preferr6d> and 3 rubber «™P°nent com- 

S-.a^d^ 

include kaolin, clay, mica, feldspar, hydra^eiS Sntlr T 3 ""' 655 " 1 ™ 30 ' Examples thereof 

« and the kaolinic clay being more p efe?Th Da ^ ^ S „ 3 day a " d mica bein 9 P refe ™ d 

^m, and the aspect ratio i prefer^ ™ mol! 1. f 1? or P ,ate - ,ike ^'"eral is preferably 0.2 to 2 

or more, a sufficient improvemTn^The a X£2£i2Zn* T ™ 8 * 20- When the aspect ratio is 3 

30, the workabihty can be prevented ^^SX^S^^T °* ^ *" ^° to ,6SS than 

of a/b, wherein a is an average major d£m*e and b £ tn 1L P ' nVenti ° n ' the aspSCt ratio means a rati ° 
«■ selected, determined by micmscop ic ob^va! "n Ho th 2 7™ * 5 ° minera ' PartiC,6S arbitrari, y 
are schematically illustrated. servat '°r>- 'n F.g. , the major diameter and the minor diameter of a un it particle 

[0019] The weight-basis compounding amount A of the lav^mri n, 

rubber component preferably satisfies following Formula T * ""^ ^ 1 °° PartS by Wei 9 ht of the 



50 



1<AXD<200 



55 



black ,o bo used in Ibe nibber composition ™« 60 1. "«.r ccnponom. And the amount dl cannon 
P*M* 5 ,o 3 5 pabs b y we W , bLe, on ^T^oX' SSS^'" * "** - — 
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[0021] The total amount of the layered or plate-like mineral and the carbon black is preferably 50 parts by weight or 
more. In particular, in considering the air permeation resistance, flexural fatigue resistance and workability the total 
amount is preferably 60 to 220 parts by weight. 

[0022] The type of the carbon black is not specifically limited and may be suitably selected from those conventionally 
used as the reinforcing filler of rubber compositions, such as FEF, SRF, HAF, ISAF and SAF. Of these carbon blacks 
preferred are those having a specific surface area determined by nitrogen adsorption (N,SA) of 26 m2/q to 170 m^/a 
when measured according to ASTM D3037-88. The carbon black is preferred to have an iodine adsorption (IA) of 40 
mg/g or less when measured according to ASTM D151 0-95 and a dibutyl phthalate adsorption of 1 00 mlAI 00 g or less 
when measured by ASTM D241 4-97. a 
[0023] As an example of a preferred rubber composition, mention may be made of a rubber composition for use in 
inner hner comprises > 1 00 parts by weight of the rubber component comprising at least one butyl-based rubber selected 
from butyl rubber and a halogenated rubber. 1 0 to 50 parts by weight of clay, and 1 0 to 60 parts by weight of the carbon 
black, with the total of clay and the carbon black being 50 parts by weight or more 

[0024] The rubber composition of the present invention may be further compounded with a softening agent such as 
a naphtene based oil. a paraffin based oil, an aromatic oil and a blown asphalt oil. The compounding amount is not 
specially hmited and suitably se.ected depending on the applications. For example, when the total amount of the 
carbon black and the layered or plate-like mineral is relatively small (up to about 1 00 parts by weight per 1 00 parts by 
weight of the rubber component), the softening agent may be compounded one part by weight or more, preferably 3 
to 20 parts by weight per 100 parts by weight of the rubber component. The %C N of the naphtene base oil is 30 or 
more and the /oCp of the paraffin base oil is 60 or more when determined by a ring analysis (n-d-M method) 
[0025] To enhance the dispersibility of the layered or plate-like mineral throughout the aibber composition a disper- 
sion improver such as silane coupling agents, dimethylstearylamine and trimethanolamine may be added 'if desired 
in an amount of 0.1 to 5 parts by weight per 1 00 parts by weight of the rubber component 

[0026] Further, the rubber composition of the present invention may be compounded with organic short fibers made 
of an organic polymer resin. By compounding organic short fibers, the underlying cords are effectively prevented from 
being bared tc .the ^surface of an inner liner during the construction of tire having an inner liner with a small thickness 
The organic short fiber ,s preferred to have an average diameter of 1 to 100 p.m and an average length of about 0 1 to 
0.5 mm. The organic short fiber may be compounded as a composite prepared by kneading the organic short fiber and 
a non-vulcanized rubber component (hereinafter referred to as "FRR"). 

[0 ° 2 I! Ju S C0 ™P° undin 9 amount of the organic short fiber is preferably 0.3 to 15 parts by weight per 1 00 parts by 
weight of the rubber component. By compounding 0.3 part by weight or more, the exposure of the underlying cords to 
he surface of an inner hner is effectively prevented. By limiting the compounding amount to 5 parts by weight or less 
!I rkab,l 7 ,S 1? adve h reely f ected The materials ° f the ^nic short fiber may include, but not specifically limited 

!l?th f P SUC , 38 nyl ° n 6 and ny '° n 66, 3 s V ndiotactic P°'y(1 -2-butadiene), an isotactic polypropylene and 

polyethylene with the polyamide being preferred. 

[0028] When the organic short fiber is compounded, an rubber-to-fiber adhesion improver such as hexamethylene- 
nn a o, ,ne , and ^ sorcino ' ma V be further compounded to increase the modulus of a resultant rubber composition 
[0029] In addition to the above compounding ingredients, the rubber composition of the present invention may be 
further compounded with another additive used in the rubber art such as vulcanization agents, vulcanization acceler- 
ators, ant.oxidants, scorch retarders, zinc white and stearic acid in an amount not adversely affect the effect of the 
prsssni invsntion. 

[0030] Jhe rubber composition of the present invention may be produced by a known method, namely, by kneading 

m n^ ea wK t L r erC °!T POnent ' ^ or P late - |ike minera| . ™<* the optional filler or compounding ingredient 

[0031] When the layered or plate-like mineral and a filler such as carbon black are compounded in a larger amount 
m tota^ for example, exceeding 1 00 parts by weight in total, it is preferred to first knead the rubber component the 
layered or plate-like mineral, a filler such as carbon black and another compounding ingredient except for the vulcan- 
ization agent sufficiently at a high temperature, and then to further knead at a low temperature after adding the vul- 
™TJf ° n a9ent - kneadin 9 at a hi 9" temperature may be carried out at two or more stages, if desired 
[0032 When the layered or plate-like mineral and a filler such as carbon black are compounded in a smaller amount 
in total, for example, 1 00 parts by weight or less in total, the electric power to be consumed can be reduced to enhance 
he productivity by employing a step (a) for pre-kneading the rubber component. In the subsequent kneading step (b) 
for kneading the P re-kneaded rubber component, the layered or plate-like mineral and the other compounding ing e- 
dients. it is preferred to add all the compounding ingredients simultaneously and then carry out the kneading by single 
stage, because the productivity can be further enhanced. 

[0033] In the pre-kneading step (a), only the rubber component is masticated in a kneader such as Burberry mixer 
The mast.cation is preferably carried out for 1 0 sec or more in the present invention. By masticating for 1 0 sec or more' 

kneading step, thereby ensuring a good air permeation resistance and flexural fatigue resistance of the resultant vul- 
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20 



can.zed rubber composition. Since a long mastication is likely to reduce the productivity, it is more preferred to cany 
out he mastication for 1 0 to 60 sec. If the kneading is carried out by single stage while omitting the pre-kneading step 
the layered or plate-like inorganic filler is likely to agglomerate on the surface of the rotor, thereby failing to in some 
case, obtain a suff.cient air permeation resistance and flexural fatigue resistance of the resultant vulcanized rubber 
composition. 

[0034] In the kneading step (b), the masticated rubber component is kneaded with the layered or plate-like inorganic 
filler carbon black and the other compounding ingredients. If this kneading step is carried out by single stage the 
kneading time is preferred to be from one to four minutes. When the kneading time is less than one minute, the filler 
is hkely to be dispersed insufficiently. When the kneading is carried out over four minute, the vulcanization begins 
partially during | the kneading to cause the reduction of the air permeation resistances and flexural fatigue resistance 
of the resultant vulcanized rubber composition. 

[0035] When the kneading step is carried out by single stage, it is preferred to control the temperature of the rubber 
composition at the end of the kneading to 130 °C or lower. If exceeding 130 °C, the rubber composition is likely to be 
vulcanized during the kneading, thereby the air permeation resistance and flexural fatigue resistance of the resultant 
vulcanized rubber composition are deteriorated. 

[0036] Since the fillers are well dispersed by following the above production method of the present invention, a rubber 
composition excellent in air permeation resistance, flexural fatigue resistance and low-temperature durability can be 
produced with good productivity. 

[ °?! 71 ul he tyPS ° f thS kneadin 9 machine is not specifically limited, and may be suitably selected from those employed 
beiig p^efeTre^' ^ 3 m ' Xer ^ " miX6r ^ mX *™ X > and a ro » mixer - with the closed mixer 

[0038] The rubber composition of the present invention prepared by the above method is suitably used as an inner 

K, rU o^ r .?o mPOSiti ° n f ° r tifeS - ThS mbber com P° siti °" after vulcanization has a dynamic elastic modulus of pref- 
erably 800 MPa or less, more preferably 600 MPa at -20 »C under a strain amplitude of 0.1% or less 
[0039] The pneumatic tire of the present invention is produced by a known method while forming the inner liner by 
the above rubber composition. Namely, the rubber composition of the present invention optionally compounded with 
the addrdye mentioned above is extruded, shaped and worked into an inner liner member before subjected to vulcan- 
ization. By forming an inner liner from the rubber composition of the present invention, the thickness of the inner liner 
can be reduced, thereby making it easy to produce a tire having an inner liner of a small gauge 
[0040] Fig. 2 is a partial cross-sectional, schematic view showing a tire having an inner liner made of the rubber 
composition oUhe.present invention.. Particles.12 of.the layered.or.plate.-like.mineral.dispersed.in.an inner liner layer _ 
11 are onenta ed so that the surface -thereof crossesthe thickness direction of the inner liner layer, Li:; the surface 
thereof is parallel or nearly parallel to the surface of the inner liner layer. The arrow shows the flow pass of air from the 

35 ZTJJ? 8 CarC f S 5T Whe " ' eakage ° CCUrS - AS Sh ° wn in the f, '9 ure ' air entered into *e inner liner is 
35 prevented from going straight forward by the layered or plate-like mineral and forced to go around the layered or plate- 
like mineral, thereby taking a long way for passing through the inner liner. 

n 0 ^! 1 ,LJ^ US K 3 '° w air P armaation of the in "er liner made of the rubber composition of the present invention can be 
nf 5? y , k 6 preVenti ° n ° f air inSide 3 tirS fr0m P assi "9 throu 9 h the »™ because of the 

<o ZrTnHn f ^ ? V " ™ nerai com P° u nded with the rubber composition in the same 

mbber is iSSS^ * % Tl & ^ ^ ^ haS c °nventiona.ly compounded into a inner liner 

^J™ ? t < U " * ' SPer5ed mt0 3 mbber by the kneadin 9 process and forms an agglomerate. The 
agglomerate acts as a fracture point in a vulcanized rubber composition to reduce the flexural resistance and the low- 
emperature durability of an inner liner, thereby deteriorating the durability of a tire. By the use of the layered or plate- 
ns 2?n™Th?rT " mitedaspect rati0 of 3 or more and less t^n 30, the present invention succeeds to reduce the 
air permeability of the inner liner without reducing the flexural resistance and the low-temperature durability In addition 
by simultaneously using carbon black as a reinforcing filler while regulating each compounding amount and the total 
mnT Un p' n9 , am0Unt Withi " thespecific ran 9 es - 1^ effect of the layered orplate-like mineral can be further enhanced 
[0042] Fig. 3 is a partial cross-sectional view showing a pneumatic tire of the present invention, in which the tire has 
a carcass layer 2 comprising a carcass ply which extends around a bead core 1 and has radially extending cords an 

nZl'Tf P ° radia " y inWard ° f thS CarCaSS l3yer ' 3 b6lt P ° rti0n com P™"g two belt plies 4 disposed radially 
outward of a crown portion of the carcass layer, a tread portion 5 disposed radially outward of the belt portion, and a 

Us7n?Z°TJ t' SP r d ^ T a ? d K ,Sft ' ateral Sid6S ° f thS tread P ° rti0n - The inner liner 3 ° f Pneumatic tire 
having the above structure is made of the rubber composition of the present invention. The thickness D of the inner 
liner 3 may be varied depending on tire size, and generally 0.2 to 2.S mm. Preferably. 0.2 to 1 .2 mm for a tire of 

T 4 ?L The * P !fi ent inVentl '° n Wi " bS described in more detail with reference to the following examples However it 
should be noted that the following examples are merely illustrative and not intended to limit the scope of the present 
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invention thereto. 

to«4j m Examples , ,„ 28 M Compaia , ive Examptes , , o 6 me were measured ^ ^ ^ ^ 

(1 ) Air permeation resistance 0 > a vulcanized robber composilion 

£2 ^^rafpa 3 ^^™ - - Tea, a, Gas Petm^ a, 

n^ofmaaap.meabint.oaaaanHsshoZtmlf^^ "^ sm8 » urea - '"Tabtee 1 to3,thereciprecal 
a, 5 as ,00. Tbe largettbe Index re^tSt^ZtSlr °' E * m " teS 1 ■ 3 

(2) Flaxural fatigue resistance a, a vulcanized rubber composition 



(3) Low-temperao,™ durability ot a vulcanized rubber oompositiaa 



LTTba^r. 9 r h ~c::^ 

large, the Index nun*., me better ,h. * " C ° m ^<^ E *»"P" 3 as ,00. Tbe 

<4) Dynamic elorage modulo. (-20 -C) o, a vulcanized robb.r composition 

load a, ,S0g. an average strain empli.da e, O.k and a T^^^Z^'^ZT^''' 
(5) Modulus of non-vulcanized rubber composition 

^■^■SlX^^tS?.^1L^~ '*= — - "> - — —ding 
EXAMPLES 1 to 13 and COMPARATIVE EXAMPLES 1 and 2 

tured by Ouchi Shinko Chernica. Industr iafc * Ud ^SSSJS^^ ( N ° c celerNS mark) manufac: 
ofsulfurwere kneaded inaBanburymixerbytwostagep^ 

kneading. The resultant non-vulcanized rubber composition Zll h " te " lperature kneadin 9 and a low-temperature 
rubber composition was vulcanized at 180 »C for 1 0 min LndX «T ,.° n ** MUS - Then " the "on-vulcanized 
airpermeation resistance at ao-C and t h efTe^~ 





Comparative Examples 


Examples 




1 


2 


1 


2 


3 


Formulation (part by weight) 












Natural rubber RSS # 1 
1,2BR*1 






55 


55 




Chlorinated butyl rubber* 2 
Modified butyl rubber* 3 


100 


100 


45 


45 


100 


FRRM 
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Table 1-1 (continued) 





Comparative Examples 


Examples 


1 


2 


H 
1 


2 


3 


Formulation (part by weight) 












Nylon 6 short fiber* 5 












Carbon black GPF 




1 n 


1 0 


20 


20 


Carbon black SAF 










Crown rla\/*6 




200 








Flat clay* 7 






300 


200 


150 


Coupling agent Si69* 8 












Dispersion improver* 9 




. 3 


5 


3 


2 


Resorcinol 












H examethy le n etetram i n e 












Results (by index number) 












Air permeation resistance (60°C) 
Flexural fatigue resistance 
Modulus 


100 
100 
100 


150 
90 
110 


330 
90 
190 


300 
110 
180 


450 
150 
150 



Table 1 -2 





Examples 




4 


5 


6 


7 


8 


Formulation (part by weight) 












Natural rubber RSS#1 












- - 1,288*1. . 












Chlorinated butyl rubber* 2 — 


100- 


-94- 


— too- 


-20... 
-80— 


-100 - 


Modified butyl rubber* 3 










FRR* 4 




4.5 








Nylon 6 short fiber* 5 












Carbon black GPF 


20 


20 




20 


10 


Carbon black SAF 






20 




Crown clay* 6 










Flat clay* 7 


200 


150 


150 


130 


100 


Coupling agent Si69* 8 








2 


1 


Dispersion improver* 9 


3 


2 


2 




1 


Resorcinol 










Hexamethylenetetramine 












Results (by index number) 












Air permeation resistance (60°C) 


650 


430 


450 


360 


440 


Flexural fatigue resistance 


100 


135 


145 


100 


140 


Modulus 


170 


220 J 


160 


170 


190 
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Table 1-3 



Formulation (part by weight) 



Results (by index number) 



Natural rubber RSS#1 
1.2BR* 1 

Chlorinated butyl rubber** 
Modified butyl rubber* 3 
FRR* 4 

Nylon 6 short fiber* 5 
Carbon black GPF 
Carbon black SAF 
Crown clay* 6 
Flat clay*? 

Coupling agent Si69* 8 
Dispersion improver* 9 
Resorcinol 

Hexamethylenetetramine 



Air permeation resistance (60°C) 
Flexural fatigue resistance 
Modulus 



• 100 



100 
1 
1 



10 



20 



80 



10 



100 



100 
100 
100 



150 
90 
110 



Examples 



12 



100 



35 



150 



100 



3 

20 



130 

1 

2 

1.3 



13 



86 
21 

20 



150 



330 
90 
190 



300 
110 
180 



450 
150 
150 



Note 

<2 - t - i..«iiuia«urea oy jsh Corporation; JSF 

Jnjay Butyl HT10-66 (trade mark; manufactured by Enj ay Chemica, Co.. Ltd ) 

Jrown Cay (manufactured by Shiraishi Caicium Co.. Ltd, Crown Cay-S, trade n^T ^ ^ . 

Flat clay (manufactured by J.M.Huber Co Ltd • POL VFII ni ^ 
■*sm (trade marK. manufactured by Degussa AkKenges^ 

- Dispersion improver (rfn^Wee^amfne; manutactured by Kao Corporation. DM80. trade mark, 

EXAMPLES 14 to 21 and COMPARATIVE EXAMPLES 3 and 4 

[ ?"::~ * * - p- by weight o, a spindIe oi , 

factured by Ouchi Shinko Chemical Industrial Ltd N l^* h rf^l ^e.erator (Nocce.er MS (trade mark) manu- 
ofsu.fur were kneaded in a Burberry m*er^ 
kneading. The resultant non-vufcaS m^ 

rubbercomposition was vulcanizeda nso-Cfo Z ^ aZhe resuff 1 °" * ^ ** no "^'-ni 2 ed 

on the airpermeation resistance at eo»Cand^ 





Comparative Examples 


Examples 


3 


4 


14 


15 


16 


Formulation (part by weight) 
Natural rubber RSS#1 


50 


70 


70 


80 


70 
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Table 2-1 (continued) 





Comparative Examples 


Examples 


— . — 


3 


4 


14 


15 


16 


Formulation (part by weight) 












1,2BR*10 












Brominated butyl rubber* 11 


50 


30 


30 


20 


30 


Modified butyl rubber* 3 


- 


- 


- 


- 


- 


FRR* 4 




- 


- 


- 


- 


Nylon 6 short fiber* 5 












Carbon black GPF 


55 


55 


20 


20 


20 


Carbon black SAF 


_ 










Crnw/n r^\ct\/*& 


_ 


_ 








j Flat clay* 7 


- 


- 


80 


80 


100 


CouDlina anpnt SifiQ*^ 












Dispersion improver* 5 










2 


Resorcinol 












Hexamethylenetetramine 












Results (by index number) 












Air permeation resistance (60°C) 


■100 


70 


130 


105 


220 


Flexural fatigue resistance 


100 


110 


110 


118 


110 


Modulus 


100 


110 


110 


115 


130 



Table 2-2 





Examples 




-17 - 


18 - 


19 - 


-20- 


^21— 


Formulation (part by weight) 












Natural rubber RSS#1 


70 


70 


50 


70 


64 


1,2BR* 1 o 






20 






Chlorinated butyl rubber* 2 


30 




30 


30 


30 


Modified butyl rubber* 3 




30 








FRR* 4 










4.5 


Nylon 6 short fiber* 5 








3 




Carbon black GPF 






20 


20 


20 


Carbon black SAF 


20 










Crown clay* 6 












i Flat clay* 7 


100 


200 


100 


100 


100 


Coupling agent Si69* 8 












Dispersion improver* 9 


2 


3 


2 


2 


2 


Resorcinol 








2 




Hexamethylenetetramine 








1.3 




Results (by index number) 












Air permeation resistance (60°C) 


215 


330 


230 


250 


250 


Flexural fatigue resistance 


110 


110 


115 


110 


110 


Modulus 


170 


270 


170 


500 


480 



Note 



Syndiotactic pofy(1 ,2-butadiene) (manufactured by JSR Corporation; RB100, trade mark) 
01 Bromobutyl 2244 (trade mark; manufactured by JSR Corporation) 
~2 to *9: as defined in Table 1 . 
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[0053] The following would appear from the results of Table 2. The air permeation resistance and the low-temperature 
brittle resistance (low-temperature durability) of the vulcanized rubber composition and the modulus of the non-vul- 
canized rubber composition are all insufficient when the rubber composition does not contain the layered or plate-like 
mineral but contains 40 parts by weight or more of the butyl-based rubber as in Comparative Example 3. When the 

5 rubber composition does not contain the layered or plate-like mineral but contains 40 parts by weight or less of the 
butyl-based rubber as in Comparative Example 4, the low-temperature brittle resistance and the modulus of the non- 
vulcanized rubber composition are relatively good as compared with Comparative Example 3, but the air permeation 
resistance is poor. In contrast, in the examples of the present invention, the air permeation resistance and the low- 
temperature brittle resistance of the vulcanized rubber and the modulus of the non-vulcanized rubber are improved 

10 and well-balanced. 



EXAMPLES 22 to 28 and COMPARATIVE EXAMPLES 5 and 6 



[0054] The compounding ingredients of respective amounts shown in Table 3, 2.0 parts by weight of zinc white, 1 .0 
15 part by weight of a vulcanization accelerator DM (dibenzothiazyldisulfide) and 1 .0 part by weight of sulfur were kneaded 
in a Banbury mixer by two-stage process of a high-temperature kneading and a low-temperature kneading, thereby 
preparing each non-vulcanized rubber composition. 

[0055] The non-vulcanized rubber composition was vulcanized at 180 °C for 10 min, and each resultant specimen 
was evaluated on the air permeation resistance at 60 °C, the flexural fatigue resistance and the dynamic storage 
20 modulus at -20 °C. The results are shown in Table 3. 



Table 3-1 





Comparative Examples 


Examples 




5 


6 


22 


23 


Formulation (part by weight) 










Natural rubber RSS#1 










Brominated butyl rubber* 11 


100 


100 


100 


100 


Carbon black GPF 


70 


10 


10 


10 


Crown clay* 6 




60 






Flat clay* 7 






60 


100 


Dispersion improver* 9 






1.0 


1.0 


Results 










Air permeation resistance (60°C) 


100 


100 


300 


390 


(by index number) 










Flexural fatigue resistance 


100 


80 


200 


155 


(by index number) 










dynamic storage modulus (-20 °C) 


540 


450 


460 


550 


(MPa) 











Table 3-2 





Examples 


24 


25 


26 


27 


28 


Formulation (part by weight) 












Natural rubber RSS # 1 






15 






Brominated butyl rubber* 11 


100 


100 


85 


100 


100 


Carbon black GPF 


10 


50 


10 


10 


10 


Crown clay* 6 













55 Note 

*6, *7 and "9: as defined in Table 1 . 
*11: as defined in Table 2. 



TOCID: <EP 1195402A1 I > 



10 



EP 1 195 402 A1 



Table 3-2 (continued) 





Examples 




24 


25 


26 


27 


28 


Formulation (part by weight) 












Rat clay* 7 


170 


60 


60 


60 


170 


UHdpt£i&iun improver 


1.0 


1 .0 


1 .0 




3.0 


Results 












Air permeation resistance 


430 


380 


110 


300 


430 


(60°C) 












(by index number) 












Flexural fatigue resistance 


100 


160 


260 


150 


330 


(by index number) 












dynamic storage modulus 


665 


605 


160 


460 


660 


(-20°C)(MPa) 













20 [0056] As seen from Table 3, Examples 22 to 28 are superior to Comparative Examples with respect to the balance 
of the air permeation resistance, the flexural fatigue resistance and the dynamic storage modulus of the vulcanized 
rubber compositions. 

[0057] In the following Examples 29 to 43 and Comparative Examples 7 to 1 3, the properties were measured by the 
following methods. 

25 

(1) Air permeation resistance of a vulcanized rubber composition 

[0058] According to the method A of JIS K71 26-1 987, the air permeability was measured using an air permeability 
machine. The results are shown in Tables 4 to 6 by index numbers taking the air permeability of Comparative Example 
30 7, 1 0 or 1 2 as 1 00. The smaller the index number, the lower the air permeability. 



(2) Flexural fatigue resistance of a vulcanized rubber composition 

[0059] According to the flex test method of JIS K6260-1999, each test piece of vulcanized rubber was prepared, 
35 which was subjected to flex test to measure the time required until a crack of 10 mm long occurred on the test piece. 
The results are shown in Tables 4 to 6 by index numbers taking the measured time of Comparative Example 7, 10 or 
12 as 100. The larger the index number, the better the flexural fatigue resistance. 

(3) Low-temperature durability of a vulcanized rubber composition 

40 

[0060] According to the low-temperature impact brittleness test of JIS K6301-1995, each test piece was prepared 
and subjected to the low-temperature impact brittleness test to measure the impact brittle temperature. The difference 
(°C) between the measured impact brittle temperature and that of Comparative Example 10 or 12 is shown in Tables 
5 and 6. The smaller the difference, the better the low-temperature durability. 

45 

(4) Strength of a non-vulcanized rubber composition 

[0061] A non-vulcanized rubber composition was sufficiently warmed by 8-inch rolls to prepare a sheet of 4 mm thick, 
which was then cut into a test piece by a JIS No. 5 cutting die. The test piece was subjected to a strength test according 
50 to JIS K6251 -1 993 to measure the breaking strength. The results are shown in Table 4 by the index numbers taking 
the breaking strength of Comparative Example 7 as 100. The larger the index number, the higher the strength of the 
non-vulcanized rubber composition. 

(5) Agglomerate content of non-vulcanized rubber composition 

55 

[0062] The particle size distribution of particles having a maximum particle size of 20 u,m or less was measured using 
Dispergrader 1000 (manufactured by Optigrade Co., Ltd.). By comparing the photographic image of each test piece 
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and a reference photograph, the results were ranked taking the result of Comparative Example 12 as 100 (Table 6). 
The agglomerate content expresses the degree of dispersion of fillers. The larger the rank, the better the dispersion. 

EXAMPLES 29 to 31 and COMPARATIVE EXAMPLES 7 to 9 

[0063] The compounding ingredients of respective amounts shown in Table 4, 1 0 parts by weight of a process oil, 
3.0 parts by weight of zinc white, 2.0 parts by weight of stearic acid, and 1 .0 part by weight of sulfur were kneaded in 
a Banbury mixer by two-stage process of a high -temperature kneading and a low-temperature kneading. The resultant 
non-vulcanized rubber composition was evaluated on its strength. Then, the non-vulcanized rubber composition was 
vulcanized at 145 °C for 45 min, and each test piece of the resultant vulcanized rubber composition was evaluated on 
the air permeation resistance and the flexural fatigue resistance. The results are shown in Table 4. 



Table 4-1 





Comparative Examples 




7 


8 


9 


Formulation (part by weight) 








Natural rubber RSS*1 






15 


Brominated butyl rubber*11 


100 


100 


85 


Carbon black A* 12 


50 




50 


Carbon black B*"> 3 




80 




Clay*i4 








Results 








Air permeation resistance (by index number) 


100 


80 


150 


Flexural fatigue resistance (by index number) 


100 


100 


120 


Strength of non-vulcanized rubber (by index number) 


100 


80 


150 



30 

Table 4-2 





Comparative Examples 




29 


30 


31 


32 


Formulation (part by weight) 










Natural rubber RSS#1 






15 




Brominated butyl rubber* 11 


100 


100 


85 


100 


Carbon black A* 12 


30 


20 


20 


50 


Carbon black B* 13 










Clay* 14 


40 


80 


80 


30 


Results 










Air permeation resistance 


67 


50 


85 


66 


(by index number) 










Flexural fatigue resistance 


390 


280 


400 


125 


(by index number) 










Strength of non-vulcanized 


100 


105 


180 


130 


rubber (by index number) 











Note 

* 12 Carbon black A: DBP 85 rnUIOOg, IA 35 mg/g. 



* ld Carbon black B: DBP 45 mLVIOOg, IA 16 mg/g. 
* 14 Clay: kaolinic clay having an aspect ratio of 12.5. 
•11: as defined in Table 2. 

[0064] The results of Table 4 show that the rubber compositions of the present invention are excellent in the air 
permeation resistance and flexural fatigue resistance after vulcanization, and excellent in the strength and workability 
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before vulcanization. 

EXAMPLES 33 to 36 and COMPARATIVE EXAMPLE 10 and 11 

5 [0065] The compounding ingredients shown in Table 5 were kneaded in a Banbury mixer by two-stage process of a 
high-temperature kneading and a low-temperature kneading, thereby preparing each non-vulcanized rubber compo- 
sition for an inner liner. The non-vulcanized rubber composition was vulcanized at 145 °C for 45 min, and each test 
piece of the resultant vulcanized rubber component was evaluated on the air permeation resistance, the f lexural fatigue 
resistance and the low-temperature durability. The results are shown in Table 5. 

10 

Table 5-1 



30 





Comparative Examples 




10 


11 


Formulation (part by weight) 






Brominated butyl rubber* 11 


100 


100 


Carbon black* 15 


60 


50 


Clay (aspect ratio 12.5)* 16 






Clay (aspect ratio 38.0)* 17 




30 


Process oil 


10 


10 


Zinc white 


3 


3 


Stearic acid 


2 


2 


Sulfur 


1 


1 


Results 






Air permeation resistance (by index number) 


100 


69 


Flexural fatigue resistance (by index number) 


100 


80 


Low-temperature durability (temperature difference) 


0 


0 



Table 5-2 





Examples 




33 


34 


35 


36 


Formulation (part by weight) 










Brominated butyl rubber* 11 


100 


100 


100 


100 


Carbon black* 15 


50 


40 


30 


40 


Clay (aspect ratio: 12.5)* 16 


30 


20 . 


40 


30 


Clay (aspect ratio 38.0)* 17 










Process oil 


10 


10 


10 


10 


Zinc white 


3 


3 


3 


3 


Stearic acid 


2 


2 


2 


2 


Sulfur 


1 


1 


1 


1 


Results 










Air permeation resistance 


66 


81 


59 


70 


(by index number) 










Flexural fatigue resistance 


125 


355 


390 


255 


(by index number) 










Low-temperature durability 


-0.5 


-2.5 


-1 


-1 



Note 

' 15 NS60 (manufactured by Cabot Corporation) 

* 16 Polyfil DL (trade mark, manufactured by J.M. Huber Corporation) 

* 17 Clay having a high aspect ratio prepared by sieving commercially available clay. 
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Table 5-2 (continued) 





Examples 


Results 










(temperature difference) 











[0066] As seen from Table 5, the rubber compositions for an inner liner of the present invention are excellent in the 
air permeation resistance, flexural fatigue resistance and low-temperature durability after vulcanization. 

EXAMPLES 37 to 43 and COMPARATIVE EXAMPLES 12 and 13 

[0067] A rubber component (1 00 parts by weight) shown in Table 6, a filler or fillers of respective amount(s) shown 
in Table 6, 10 parts by weight of a process oil (spindle No. 2 manufactured by Japan Oil Co., Ltd.; ko-grade blown 
asphalt manufactured by Japan Oil Co., Ltd.), 3 parts by weight of zinc white, 1 part by weight of a vulcanization 
accelerator (Nocceler DM-P, trade mark, manufactured by Ouchi Shinko Chemical Industrial Co., Ltd.), and 1 part by 
weight of sulfur were compounded in the following manner to prepare a non-vulcanized rubber composition. 
[0068] The rubber component shown in Table 6 was masticated in a Banbury mixer for a period of time shown in 
Table 6 (step (a)). Then, after adding the filler or fillers and the other compounding ingredients shown in Table 6, the 
kneading was carried out by single stage for a period of time shown in Table 6 while controlling the kneading so as to 
reach the temperature (dump temperature) shown in Table 6 at the end of kneading (step (b)). With such a kneading 
method, the electric power consumption was reduced much more as compared with the preparation of a rubber com- 
position of the same compounding formulation by two-stage kneading at a high temperature and a low temperature. 
[0069] The non-vulcanized rubber composition was evaluated on its agglomerate content. Then, the non-vulcanized 
rubber composition was vulcanized at 145 °C for 45 min, and the test piece of each vulcanized rubber composition 
was evaluated on the air permeation resistance, flexural fatigue resistance and low-temperature durability. The results 
are shown in Table 6. 



Table 6-1 





Comparative Examples 


Examples 




12 


13 


37 


38 


39 


Rubber component (part by weight) 












Natural rubber RSS#1 


10 


10 


10 


30 


10 


Brominated butyl rubber* 11 


90 


90 


90 


70 


90 


Filler (part by weight) 












Carbon black* 18 


60 


50 


50 


30 


40 


Crown clay* 6 




20 








Clay II* 20 (aspect ratio: 15) 








40 


30 


Ciay III* 21 (aspect ratio: 40) 






20 






Step (a) 












Pre-kneading time (sec) 


20 


20 


20 


20 


20 


Step (b) 












Kneading time (sec) 


180 


180 


180 


180 


200 


Dump temperature (°C)* 22 


120 


120 


120 


115 


120 


Properties of rubber composition 












Agglomerate content (rank) 


100 


90 


90 


155 


140 


Air permeation resistance (by index number) 


100 


95 


89 


59 


70 


Flexural fatigue resistance (by index number) 


100 


90 


70 


370 


240 


Low-temperature durability (by index number) 


0 


0.8 


2 


-1 


-0.5 
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Table 6-2 



10 



15 



20 



25 



30 



35 





Examples 




40 


41 


42 


43 


nuuut;i isunipuiiciii ^pan. uy weigni) 










Natural rubber RSS#1 


- 


20 


20 


20 


Brominated butyl rubber* 11 


100 


80 


80 


80 


Filler (part by weight) 










Carbon black* 18 


40 


35 


40 


60 


Crown clay* 6 










Clay II* 20 (aspect ratio: 15) 


30 


35 


70 


10 


Clay III* 21 (aspect ratio: 40) 










Step (a) 










Pre-kneading time (sec) 


10 


30 


50 


60 


C+pn fhrt 
OLfcJjJ {Vj 










rMicctuiiiy ume [sec) 


240 


180 


180 


180 


Dump temperature (°C)* 22 


126 


110 


115 


130 


Properties of rubber composition 










Agglomerate content (rank) 


163 


135 


159 


128 


Air permeation resistance (by index number) 


68 


72 


76 


80 


Flexural fatigue resistance (by index number) 


200 


270 


140 


240 


Low-temperature durability (by index number) 


-0.5 


-0.5 


-0.5 


-0.5 



Note 

" 18 Carbon black: N660 (manufactured by Cabot Co.. Ltd.) 
* 1 9 Clay I (crown clay having an aspect ratio of 3) 

_« 20 Clay H (kaofinic clay having anlispect ratiooMsjT ~ " ' ;* ~- — * 

* 2 1 Clay III (kaolinite soft claylwvTngan^s^ct ratio of 40) 

* 22 Dump temperature (temperature of rubber composition being taken out of a Banbury mixer after kneading) 
•1 1 : as defined in Table 2. 



[0070] As seen from Table 6, the rubber compositions of Examples 37 to 43 are good in the dispersion of the filler 
and excellent in the air permeation resistance, flexural fatigue resistance and low-temperature durability as compared 
with the rubber compositions of Comparative Examples. 

40 

Industrial Applicability 



[0071] As described above in detail, the rubber composition for an inner liner of the present invention is remarkably 
improved in the air permeation resistance and also improved in the workability as compared with conventional rubber 
45 compositions compounded with a butyl rubber. Therefore, the rapture and hole defect of a non-vulcanized sheet during 
the tire construction can be avoided. By using the rubber composition, the gauge of an inner liner for a pneumatic tire 
can be reduced while maintaining the inner pressure of tire, thereby reducing the weight of tire. In addition, the pro- 
duction process of the present invention provides a rubber composition compounded with the layered or plate-like 
mineral in good productivity without detracting the properties. 



Claims 



1 . A rubber composition for an inner liner of pneumatic tire, which is obtained by compounding a rubber component, 
and a layered or plate-like mineral having an aspect ratio of 3 or more and less than 30. 

2. The rubber composition according to claim 1 , wherein the'rubber component comprises 40 to 1 00% by weight of 
at least one rubber selected from the group consisting of a butyl-based rubber and 60% by weight or less of a 
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1 < A X D < 200 ^ 



5. 



6. 



wherein D represents a thickness (mm) of an inner liner rubber layer. 

lutell^T 0 " aCCOrdin9 10 ° laim 1 ' Wh6rein *« «"P™« Pn-s 60 to 1 00 parts by weight 

SnTedtbb 0 er OSitiOn aCC ° rdin9 * "* ° M ° f daimS 1 to 3 " ^™ «- buty.-based rubber comprises a haio- 

or more of a softening agent are further compound per ,^££2 of 2 22^^ ^ 

-eiayeredorp,^ 

least one butyl-based robber. V 9 ' ° f the ™ , ** r ""nponem which comprises at 

10 ' Z^SZZSZZS? a "' m ^ Wherel " S ""<" — « - - -» and ,be cadrc 

"-r.r te =r^^^ 

14. T*. rubber oompoaMon according ,o Calm 1 3, wherein Ore organic shon fee, la polyamlde fiber. 

cELTf, """"* ' S Pr0Vitted ^ b " l ™" »"*' ™* - <*« «"*~ b»-P»al.lon as defined in a„ y one o, 
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1 9. A process for producing the rubber composition as defined in any one of claims 1 to 1 5, which comprises a step 
(a) of masticating the rubber component and a step (b) of kneading the masticated rubber component with the 
layered or plate-like mineral and the other compounding ingredients. 

20. The process according to claim 19, wherein the rubber component is masticated in a kneading machine in a pre- 
kneading step, and then a kneading treatment is carried out by single stage after adding the layered or plate-like 
mineral and the other compounding ingredients. 

21. The process according to claim 20, wherein the rubber component is masticated for 10 sec or more in the pre- 
kneading step, and then the kneading treatment is carried out for one to four minutes while controlling a temperature 
of the rubber composition to 1 30 °C or lower at the end of the kneading treatment. 



15 



20 



25 



30 



35 



40 



45 



50 
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Fig. 1 




Fig. 2 



11 



Carcass Layer , k 
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Inside of Tire 
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